Objective: Organisms causing early-onset neonatal sepsis (EONS) have consistently changed over time. The distribution of organisms in EONS helps to influence the appropriate type of antibiotic prophylaxis strategy during labor and the antibiotics used in neonates with suspected sepsis. Result: A total of 405 infants had positive blood and/or cerebral spinal fluid cultures over the study period. The EONS rate was 6.8/1000 admissions (n ¼ 24969) in the earlier cohort compared with 6.2/1000 admissions (n ¼ 37484) in the later cohort (P ¼ 0.36). Rate of clinical chorioamnionitis was higher in the later cohort (38 vs 26%; P ¼ 0.02). For term infants, coagulase-negative Staphylococcus (CONS) (2.4/1000) followed by group B Streptococcus (GBS) (1.9/1000) were the most common organisms identified. For preterm infants, CONS (2.5/1000) followed by Escherichia coli (2.6/1000) were the most common organisms identified. There was a significant reduction in GBS EONS over time (P<0.01) and a trend toward an increase in other organisms.
Introduction
Early-onset neonatal sepsis (EONS) occurs within the first 3 to 7 days of life, and is thought to be mainly caused by vertical transmission of organisms from the mother. 1, 2 The incidence of EONS has been reported to vary from 1 to 4.6 cases per 1000 live births. [2] [3] [4] Traditionally, prevention of EONS has focused on prevention of vertical transmission of group B Streptococcus (GBS or Streptococcus agalactiae) through administration of maternal intrapartum antibiotic prophylaxis. 5 No effective strategies are currently available to prevent EONS caused by other organisms, 6 such as Escherichia coli.
7
Several recent studies of patient populations in the US have reported a change in neonatal infection patterns, with a reduction in EONS caused by GBS but an increase in EONS caused by ampicillin-resistant E. coli. 8, 9 The growing problem of antibiotic resistance may be a contributing factor in increasing mortality rates of infants with EONS. 2, 10 These studies have identified an urgent need to better understand the changing epidemiology of EONS, to enable delivery of appropriate intrapartum care to mothers 8, 11 and postnatal care of the newborns. We have therefore analyzed data from a large population of infants admitted to Canadian neonatal intensive care units (NICUs) between 2003 and 2008 , to identify trends in EONS, and determine the distribution of organisms in infants with EONS. The objective of this study was to add to our understanding of changing patterns of organisms associated with EONS, thereby helping to strategize future interventions.
Methods

Study population
The Canadian Neonatal Network (CNN) maintains and updates an established neonatal database that includes data from 26 hospitals, and encompasses over 95% of the tertiary NICU beds in Canada. Data from all NICU admissions are collected and submitted after local approval from either the Research Ethics Board or appropriate committee at each individual site. Trained research assistants extract relevant data from the charts at each participating center. Details of data collection and data management have been published elsewhere. 12 Data from all infants admitted between the years 2003 and 2008 who had a positive blood or cerebral spinal fluid culture in the first 72 h after birth were included in this study. All viruses were excluded. Bacteria not considered pathogens were also excluded from analysis. Coagulase-negative Staphylococcus (CONS) were included as these have been recognized to be pathogens in preterm neonates, and may be increasingly more common in the last 5 to 10 years. 13, 14 The database had limitations that did not allow our group to assess which CONS-positive cultures were pathogens and which were contaminants. We divided the cohort into two groups, one earlier (2003 to 
Statistical methods
For baseline demographic information, a t-test was used for continuous variables, and Chi-square test or Fisher's exact test was used for categorical variables. For organism rate comparison between preterm and term infants, a Chi-square test was used. To estimate trends in infection over 6 years of study data, a best-fit straight line through the six points from each year was carried out. The slope of the straight line was then tested and determined to be statistically significant, if different from zero. For the best-fit line, a linear regression model was used.
Results
From 62 453 NICU admissions recorded during the identified time period, a total of 405 infants (6.5 per 1000 admissions) developed EONS (<72 h of age) during the study period ( Figure 1 ). Comparison of baseline demographics revealed a younger gestational age at birth (32.4 weeks vs 33.8 weeks), lower birth weight (2121 vs 2361 g) and a higher incidence of clinical chorioamnionitis (36 vs 26%) in the later cohort (Table 1 ). No differences in sex distribution, rate of meningitis and mode of delivery were identified between the two cohorts ( Table 1 ). The incidence of EONS was 6.8/1000 admissions (171 infants/24969 admissions) for the earlier cohort compared with 6.2/1000 admissions (234 infants /37484 admissions) for the later cohort (P ¼ 0.36; Figure 1 ). Of the 405 infants who developed EONS, 21 (5%) had more than one positive culture in the first 72 h of life. Overall, an increase in the rate of EONS was noted with decreasing gestational age at birth.
Distribution of organisms in both cohorts by gestational age at birth is described in Table 2 . Organisms identified in the cerebrospinal fluid in these infants are presented in Table 3 . The most common organisms in both cohorts was CONS, followed by E. coli and GBS. However, over the 6-year period there was a significant reduction in GBS (Table 4 , Figure 2 ), with a trend to an increasing frequency of other organisms, although this did not reach statistical significance (Table 4 ; Figure 2 ). When analyzed based on gestational age at birth, we identified that the predominant organism in preterm infants was E. Coli (2.6/1000 in preterm infants vs 1.1/1000 admissions in term infants), whereas for term infants it was still GBS (0.6/1000 in preterm infants vs 1.9/1000 admissions in term infants (Table 5) .
Discussion
In this cohort, no change in the overall rate of EONS was identified over a 6-year period among infants admitted to Canadian NICUs. However, there was a significant reduction in the frequency of EONS caused by GBS over time, and an overall trend towards an increase in the association with other organisms. The predominant organism identified in preterm infants p37 weeks gestational age at birth was E. coli, whereas for term infants it was GBS.
The rate of EONS in our population (between 6 and 7/1000 infants admitted) is higher than has previously been reported. A population-based study in Florida reported a rate of EONS of 4/1000 from 1993 to 2000. 3 Other recent data from single centers described an overall incidence of EONS of 2.07 cases per 1000 live Early-onset neonatal sepsis in Canada M Sgro et al births in Boston, 15 whereas in a French population the incidence was 1.19 per 1000 births. 16 However, this discrepancy is likely a result of the fact that ours is based solely on admissions to level 3 NICUs, rather than including a birth cohort.
The most common organism identified in our population was CONS. This is consistent with a population-based surveillance performed at Shands Hospital at the University of Florida, where CONS was the most common organism isolated, at a rate of 1.46 per 1000 live births, exceeding E. coli, which was 0.90 per 1000 live births. 3 Although CONS can be clinically irrelevant (ie, a contaminant) or a true pathogen in infants with EONS, it is more likely to be a true pathogen in the preterm infants, especially those with central catheters. 13, 14 The incidence of EONS caused by GBS declined during our study period. This observation is in line with several other studies, which have also reported a reduction in the incidence of EONS caused by GBS in the last 5 to 10 years. 15, 17 All numbers presented are percentages of total in each cohort. Early-onset neonatal sepsis in Canada M Sgro et al
Our findings and those of others likely reflect ongoing vigilance in prenatal GBS-prevention strategies, especially as more centers adopt a screening-based practice vs a risk-based strategy. Changing patterns of EONS caused by E. coli in neonates has also previously been reported. A study of a population in Florida reported an increasing frequency of EONS caused by E. coli in premature compared with term infants. 3 In addition, Stroll et al. reported increases, over time, in EONS caused by E. coli and a decrease in Gram-positive bacteria in very-low-birth-weight infants and suggested that intrapartum antibiotics may be a factor influencing this trend. A report from Israel described predominance of EONS caused by E. coli in preterm infants compared with Grampositive bacteria (primarily GBS) in term and near term infants (X35 weeks GA). 1 The same study found that the majority of preterm infants infected with E. coli were resistant to ampicillin. 1 It has been argued that the use of maternal intrapartum antibiotics (primarily penicillin) may be changing the bacterial milieu in mothers and their neonates, influencing antibiotic sensitivity in EONS in term or near-term infants. 18 We were unable to collect sensitivity patterns of bacteria identified in our neonates because of limitations of the database.
Strengths of our study include the large population, data on infants who needed tertiary level NICU care and the contemporary nature of the data relative to the changing guidelines for antibiotic practices for intrapartum prophylaxis. This study has several limitations. Our study is not population-based as it only includes infants who were admitted to tertiary NICUs, and is therefore heavily influenced by preterm and very-low birth-weight infants. In addition, we cannot with certainty detect whether or not infants had contamination or a true infection because of limitations in data extraction. In some of the positive CONS cultures, it is possible that bacteria grown may have been contaminants and not the causative pathogen for EONS.
In conclusion, the overall incidence of EONS has remained stable among neonates admitted to NICUs. Although the association of GBS with EONS declined over the 6-year period, there was a trend to an increase in the rate of infection with other organisms. E. coli was the predominant organism in preterm infants, whereas GBS was more common in term infants. Canadian population-based data are needed to be sure that this pattern is not because of referral bias, given that EONS caused by E. coli can be more severe and is therefore more likely to result in an admission to a level 3 NICU. Finally, data on antibiotic resistance patterns are needed, as it could influence the initial management of infants suspected of to be at risk of EONS. Figure 2 Rate of change by organism over study period. 
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